Background: Outbreak of cerebrospinal meningitis (CSM) remains a major public health concern in Nigeria, particularly in northern Nigeria. The paper evaluates the effect of mass vaccination against cerebrospinal meningitis outbreak in 2013 on the incidence rate in 2014 and 2015, and to document lessons learnt from field experiences of the meningitis epidemic surveillance in Kebbi State, North-west, Nigeria.
Introduction
The seasonal epidemic of meningitis within the 'African meningitis belt' has persisted for at least 60years. The pathogenic cause of this epidemic is primarily Neisseria meningitidis (Nm) with most of the epidemic caused by serotype A (Marc LaForce, Ravenscroft, Djingarey, & Viviani, 2002; WHO, 2010) , though, recently W135 has also emerged as a cause of epidemic in some West African countries such as Burkina Faso (Yves et al., 2006) . Other bacterial agents such as Streptococcus pneumoniae and Haemophilus influenzae type b also contribute to a much lesser degree to the burden (WHO, 2010) .
The meningitis belt extends from Senegal in West Africa to Ethiopia in Eastern Africa and typically between months of December/January and April/May when the prevailing weather condition could be best described as the dry, hot, dusty and windy (Greenwood, 1999; Molesworth, Cuevas, Connor, Morse, & Thomson, 2003) . The epidemic typically tails off with the onset of rain in the month of June when temperature drops; atmospheric humidity is higher and less dusty. However, it should be noted that the impact of climate change seems to have altered the duration of this epidemic and the breadth of the meningitis belt. Despite this understanding from spatial epidemiology, advances in anti-microbial therapy, improved medical diagnostic technology and availability of potent vaccines, the epidemic still constitute public health challenges-morbidity, mortality and socio-economic cost, within the meningitis belt, though at varying degrees across countries.
Nigeria, particularly Northern Nigeria, has continually experienced the seasonal outbreaks of meningitis. Further, challenges impeding effective epidemic prevention and control remain in spite of efforts by government and health development partners. Part of the efforts to prevent and control the seasonal epidemic include mass vaccination targeted at serotype A in 2013 and recent effort being made to improve Cerebrospinal Meningitis (CSM) laboratory surveillance for a more robust characterization of the epidemic. Despite some of these interventions, the epidemic has expanded in Nigeria in the last 3years (2013) (2014) (2015) from 26 states to 29 states (FMOH/WHO, 2016) , hence, the need for a better coordinated response and political will to stem the seasonal epidemic.
In the light of the above, this study sets out to explore the relationships between Cerebrospinal Fluid (CSF) microbial analysis and mass vaccination, and to document lessons learnt and proffer recommendations based on field experiences from the last 2 consecutive years of meningitis epidemic in one of the Northwestern states of Nigeria-Kebbi.
Method

Study Setting
Kebbi State is one of the Sahel Savannah states of northwestern Nigeria. It has international borders with Niger and Benin Republics. It is bordered by 2 other northwestern states-Zamfara and Sokoto, and a north central state-Niger. The state has 21 Local Government Areas (LGAs), 225 political wards and 4 traditional emirates. It has a projected population of 4,394,887 for the year 2016 based on 2006 census population. It is essentially a rural state with majority of the population engaged in agriculture and agro-allied activities.
It has over the years been experiencing meningitis outbreak and the epidemiology often mimic those reported in Niger Republic. It could be best described as the epi-centre of meningitis outbreak in Northwestern Nigeria. Northwestern Nigeria accounted for 80% of cases reported and 70% of death (FMOH/WHO, 2016) . The Northwest constitutes 25% of total population of Nigeria, underscoring the public health significance of an epidemic in this part of Nigeria.
Data Collection
Data from this study was generated from the routine integrated disease surveillance and response being done in Nigeria through the Ministry of Health and supported by the World Health Organisation (WHO). Standard electronic template as well as hard copies of line list were generated at the health facility level or designated treatment camps in an epidemic setting from various LGAs. The line list typically contains information about the suspected or confirmed cases of meningitis and these details include name, sex, age address, number of immunization doses, (CSF) sample taken, epidemic week of onset, result/finding (positive or negative test) and outcome (dead or alive).
At the health facility level or treatment camps, there are standard case definitions being used to identify and report the disease. In other words, Cerebrospinal Meningitis is said to be suspected if a patient who is above 30months presents with acute onset of fever (usually ≥38.5 0 C rectal or 38 0 C axillary), headache and any of the following-neck stiffness, loss of consciousness and other meningeal signs or any infant with sudden onset of fever ≥38.5°C with one of the following signs: neck stiffness or soft neck, bulging fontanelle, convulsion or other meningeal signs. A confirmed case is any case for which the CSF analysis in the laboratory is positive either through rapid tests, by culture or PCR positive while a compatible case is one in which a lumbar puncture produces CSF that is cloudy or purulent for which the laboratory testing is not carried out or carried out and the result is negative. Or any cases with a positive Gram test, whose white blood cell count >10/mm 3 and for which the rapid tests, culture and PCR are negative or not done or any case having evident clinical signs in the context of a meningitis outbreak (WHO, 2016 CSF samples were collected from some suspected cases during the outbreaks and were tested using the rapid agglutination test kit (Pastorex) at the state public health laboratory. The CSF samples were maintained in cold temperature from the treatment centres or health facilities to the laboratory using vaccine carriers/giostyle. The State Laboratory Scientist received the samples and conducted tests. Note that in 2014, further test-culture study was done but this was not possible in 2015. The challenges associated with laboratory confirmation and related issues will be elaborated in the discussion section.
Data for year 2014 and 2015 were exported to STATA 12 for the analysis. Data cleaning was done using STATA 12. The data were analysed at univariate and bivariate level of analysis using the appropriate inferential and descriptive statistics. At the univariate level, simple frequency table was used to describe the data for the two years. Table 1 showed that a total of 544 cases were reported and analysed in the year 2014 while 1,992 cases were analysed in year 2015. Further, the table showed that more than half of the respondents for the two years were males. Almost three-quarter (74%) of the sample in year 2014 were aged 2-14 years while more than two-third (68%) of the samples in year 2015 were aged 2-14 years. Figure 1 showed the distribution of suspected and confirmed cases by week of onset of disease for 2014 and 2015. The graph showed that meningitis outbreak data for 2014 peaked at week 12 and 13 as the week of onset of disease while 2015 data peaked at week 8 and 13.
Result
From Table 1 , out of the total sample (suspected and confirmed cases) for the two years, only 14 percent and 4 percent CSF samples were taken for the year 2014 and 2015 respectively. Of the CSF samples taken for both years, more than half (55.1%) were positive to Nm C in year 2014 while eighty-three percent (83%) of the sample for year 2015 were positive to Nm C. The survival outcome variable for both year showed that fourteen percent (14%) of the 544 cases for the year 2014 were reported dead while four percent (4%) were reported dead in the year 2015 out of the 1,992 cases. Table 2 showed the bivariate relationship between the survival outcome and selected characteristics of the samples for both year 2014 and 2015. The test of relationship between survival and sex showed that sex is significantly associated with survival outcome in the year 2014 (P<0.05). Further, table 2 showed that CSF sample taken was also associated with survival in the year 2014 (P<0.05). However, the three selected characteristics were not significantly associated with survival in the year 2015. Figure 2 showed the case fatality rate by Local Government Area (LGA) in the 2 year period under review. Generally, case fatality rates decrease across the LGA between 2014 and 2015. For example, the case fatality rate in Aliero and Birnin-Kebbi LGAs decrease from 36.8% and 21.1% respectively in 2014 to 29.3% and 5.2% respectively in 2015. However, in Bunza, Fakai and Zuru LGAs, case fatality rate increased from 10.5%, 0% and 0% respectively in 2014 to 27.6%, 1.7% and 12.1% respectively in 2015. 
Discussion
Preventing and Controlling CSM Epidemic based on Findings from Laboratory Results and Field Experience.
Strengthening Laboratory Capacity
Limited number of samples is being processed due to challenges associated with sample collection (see Figure 3) . Furthermore, none of the samples underwent culture studies in 2015 as against 2014, how much more polymerase chain reaction test. Similar challenges were pointed out in a recent publication authored by Bassey et al. (2016) where small numbers of CSF samples were taken and of course, even smaller numbers were processed in state laboratories in Northern Nigeria.
Obviously, Nigeria's quest to adequately manage CSM epidemic seems to have been limited by inadequate laboratory infrastructure. There is no designated public health laboratory for adequate investigation of CSM samples in Northern Nigeria. Most public health laboratories in the northwestern states are poorly funded, ill-equipped with limited human capacity to conduct molecular diagnosis (PCR). Therefore, the capacity to detect and fully characterize many epidemic prone-diseases including CSM is non-existent or at best described as weak.
Governments at both state and federal levels have not paid adequate attention to this seasonal epidemic. Commitment at the state level has been inconsistent and asynchronous with the federal government. However, WHO provides basic laboratory support for meningitis investigation-diagnostic kits such as Pastorex. CSF sample collection kits were also being supplied by the WHO to facilitate clinical sampling in some northern Vol. 9, No. 2; 2017 states during the epidemic. These are, however, often delivered late and inadequate (in number) or sometimes poorly managed by government official/healthworkers.
Furthermore, culture studies are not routinely done to understand potentially varied microbial profile responsible for the seasonal outbreak. This becomes germane for these reasons; there could be outbreak of mixed pathogenic cause and secondly, the antibiotics sensitivity profile of the pathogen can also be known via culture studies. As can be seen in 2014 data, 4.4% of the tested samples (cases) were either due to Streptococcus pneumoniae or Haemophilus influenza type b, underscoring the potential of outbreak of mixed pathogenic cause. This has implications on case management.
Consequently, a more coordinated approach by state and federal government and the partners is warranted, though WHO is currently attempting to foster a more coordinated and synchronous approach, in collaboration with Federal Ministry of Health and other relevant partner (Medecin San Frontieres, MSF) in the areas of laboratory analysis and related logistics ahead of future epidemics. Conceptually, laboratories are being identified where full laboratory analysis can be conducted on CSF samples. These laboratories are to be equipped by the government, though some support will be provided by health development partners. The challenge of this innovation is, however, that of logistics for transporting samples from the treatment camps and health facilities to a pooling centre (laboratory) in the state, and in turn to the identified central or zonal laboratory. Hence, state governments at this level should be committed to funding logistics involved in the interim.
Paucity of Trained Medics to Take CSF Samples
From Figure 2 , 14% of the suspected and confirmed cases had their CSF samples taken for laboratory analysis and this declined to 4% in 2015. This reduction in the number of cases could be partly explained by paucity of trained medical personnel in the northern region, including, Kebbi State.
It is no longer news that Nigeria is bedeviled with brain drain which was abinitio pronounced in the academia but has permeated the medical profession in past three decades (Abejide, 2014) . Arguably, Nigeria is the greatest "exporter" of medical professionals in sub-Sahara Africa, though, there are no reliable data regarding the number of doctors currently based and practising in Nigeria and in diaspora. The fluidity and poor documentation have made it challenging to adequately track doctors'mobility; hence, the precise number of doctors on ground in the country cannot be ascertained. At present, Nigeria has not met the recommended doctors/population ratio of one doctor to 600lives/person. This low doctor/population ratio also differs regionally and across states in Nigeria.
Here in Kebbi State, there are not sufficient doctors to man hospitals, in fact, at the primary health care level, none of the health facility under the control of Local Government Area Council has a doctor working at this level while a General Hospital serving an entire Local Government has an average of 2-3 doctors managing the secondary health care centres. There are 243 medical doctors working in the state either as freelance (private) or employed by federal and state government for a population of over 4million. This is grossly inadequate how much more in the face of disease outbreak when some of these hospital-based medics are drafted to support treatment at designated camps and facilities.
Since the conduct of mass immunization campaign in November 2013, Nigeria has adopted and attempted to implement case-based surveillance for meningitis. However, paucity of medical doctors to conduct lumbar puncture procedure in the face of overwhelming number of cases has been a big challenge. Consequently, only very small number of samples (4% of total cases reported in 2015 versus 14% in 2014) could be taken and investigated at the laboratory. The number of cases that have laboratory analysis dwindled owing partly due to inadequate number of trained personnel (doctors) to conduct lumbar puncture procedure (clinical sampling). It is of note that that nurses are not allowed to take conduct lumbar procedure in Nigeria which is contrary to what is being practised in some neighbouring West African countries like Niger, Chad and Burkina Faso. This difference may be due to severe shortage of medical doctors in other West African countries. Some experts have posited that in the context of northern Nigeria, senior nurses or well-trained community health workers should be allowed to perform such minimally invasive procedure (conduct lumbar puncture procedure) in outbreak settings. However, this may be an interim measure, rather, the government at both levels (state and federal) should support training and motivate medical professionals through improved remuneration and provision of modern medical diagnostics and treatment facilities to improve retention in public services within the country.
Weak Leadership and Governance
There seems to be weak political visibility (between 2014 and 2015) during the periods of the outbreaks at the state level but sparingly available at the LGA level, with the exception of Jega and Aliero LGAs, where the LGA chairmen provided funds to support the renovation of outbreak treatment camps and associated logistics. Health workers were also mobilized from the primary health care facilities in these two worst hit LGAs.
Partners (WHO and MSF) contributed significantly to commodities supply for outbreaks control. Furthermore, huge doses of antibiotics were supplied as well as tetravalent vaccines for reactive vaccination in 2015 through International Coordinating Group for Meningitis Vaccines, ICG (WHO 2015) . The state government also provided relatively limited support which was not timely and systematic, bearing in mind the problem of bureaucracy and accountability in public service. Emergency preparedness and responses (EPR) to outbreaks and other emergencies were essentially driven by development partners and no dedicated budget line known to the partners was available for funding response activities. It must be stated that leadership and coordination improved in 2015 comparatively to 2014 experience; however, it is still sub-optimal. The EPR serves as a coordinating team that provides leadership and governance for health emergencies. It has a technical component known as the Rapid Response Team while the larger EPR gives political and administrative support or direction. Sadly, the activities of these committees have been limited by poor political oversight, monitoring and accountability and, to a limited, extent funding.
Recently, health development partners, led by WHO have been able to support the state to revive and strengthen the EPR committee while funded workplan is being finalized in Kebbi State. Same is expected at the LGA but the present political and governance structure, specifically local government funding arrangement with state, i.e., inter-governmental relations, may impede optimal functioning at this level.
Reduced Case Fatality Rate
Case fatality reduced from 14% in 2014 to 4% in 2015 despite more cases reported. Improved social mobilization and community involvement might have impacted on health-seeking behaviours-improved the time of presentation at the treatment centres and hospitals. There seems to be improvement in accessibility to care (treatment camps set up in communities), availability of critical medical supplies, such as Ceftriaxone, which was made available by ICG through WHO, and also MSF to augment government supply. The 2015 response was perhaps better coordinated; there existed better working relationship between WHO, MSF and Government. This impacted positively on the effectiveness of the response to the outbreak in 2015, though, political campaign and electioneering process distracted the attention of political office holder at that time.
Changes in Serotype-A Reflection of the Benefit of Mass Immunization and Call for Mass Immunization Campaign
As a common practice in the African meningitis belt, reactive vaccinations are often conducted in response to seasonal meningitis outbreaks, and are usually conducted late (Greenwood, 1999; WHO, 2010) , though this practice has recently changed as WHO now recommends that vaccination campaign be implemented as soon as possible, and within 4weeks of crossing the epidemic threshold (WHO, 2014) . Hitherto, this (delayed) reactive vaccination has not impacted significantly in the prevention and control of meningitis in the region (Artal, 2015) . However, in November 2013, there was a turn of event in Nigeria in the fight against type A Neisseria meningitidis which has been responsible for most of the outbreaks. A mass immunization campaign was conducted before the commencement of meningitis season, where type a conjugate vaccine was administered via fixed and mobile fixed post strategies, and the target age group was 1-29 years-representing about 70% of the population. The campaign was well accepted as it was long-awaited by many communities that have been repeatedly ravaged by seasonal meningitis outbreaks. It was indeed a successful campaign as shown by absence of type A serotype since 2013 (two consecutive years). As shown in Figure 2 , 83% of the samples tested were positive for Nm C in 2015 and 55% were positive in 2014. No single Nm A has so far been reported in Kebbi State (even as at the time of writing the paper). Similar findings were observed in neighbouring northwestern states of Zamfara and Sokoto (Nigeria) and neighbouring West African countries such as Burkina Faso and Niger (Artal, 2015) that implemented mass vaccination campaign using conjugate vaccine against serotype A. These reported findings clearly show that mass immunization campaign, though expensive, appears to be cost-effective in the final analysis.
Limitations of the Study
The study made use of data generated from routine surveillance sourced from peripheral health facilities, treatment camps and big hospitals, however, some unknown proportion of the affected population might not have presented for orthodox treatment or may be missed by the conventional surveillance network. Therefore, the burden of disease may be higher than as reported by the government.
Smaller numbers of CSF samples were tested relative to the total number of cases reported in 2015 and also the inability to subject the CSF samples to further test such as culture and sensitivity or even PCR. This may be a drawback as there may be other pathogen such as Streptococcus pneumoniae or Haemophilus Influenza type b as seen in 2014. It could have been more informative, if such tests were conducted.
Another limitation of this study is a possibility of some unknown proportion of the population who might present similar symptomatology with CSM that have been classified as suspected cases since laboratory confirmation was not done for majority of the suspected cases. However, the aim of routine surveillance is to ensure that potential cases are not missed, hence the use of standard case definition for case identification which was recommended by WHO.
Conclusion
The seasonal epidemic of meningitis in Northern Nigeria-Kebbi, as an example, can be stemmed, if comprehensive epidemic prevention and control strategies are instituted. These strategies include improved surveillance and strengthening emergency preparedness and response, vigorous community mobilization, strengthening logistics and laboratory support, engagement and retention of more doctors in the public hospitals and more importantly, urgent implementation of well-planned mass immunization campaign (preventive), using a tetravalent vaccine (ACYW135). If all these are put together and effectively coordinated by government at all levels with support of health development partners like WHO and MSF, then the threat of type C epidemic will become negligible.
Lastly, effort to mitigate the impact of climate change must be looked at on the other hand as the transmissions of tropical diseases are aided by climate changes, which are essentially triggered by socio-anthropological activities in the quest for economism and technological advancement, even in the developing countries of Africa.
Notes from Thee Paper
1) Serotype C is the new major pathogenic cause in Kebbi State and Northwestern Nigeria for epidemic for two consecutive years, post mass vaccination.
2) Impact of mass vaccination campaign has been palpable considering the fact that no serotype A has been reported in Northern Nigeria for two consecutive years (since November 2013) after mass vaccination using conjugate vaccine against serotype A which caused majority of epidemic before this period 3) A call for holistic response to the epidemic-sustaining surveillance, need to improve laboratory support, strengthened governance through a strong and responsive EPR teams and implementation of mass vaccination campaign against type C (which is cost effective).
4) Mass preventive vaccination is strongly recommended, and concurrently, effort to mitigate the impact of climate change should be considered as the meningitis belt has been expanding in Nigeria in the past 3years
